Objective: To assess the relative validity of a semi-quantitative food frequency questionnaire (SQFFQ) against 28 day weighed diet records (WDRs). Subjects and methods: The SQFFQ was administered to 106 (21 male and 85 female) Japanese dietitians in Aichi Prefecture in autumn, 1996 and four-season consecutive 7 day WDRs were carried out during 1996 -1997. We evaluated validity of intakes of 15 foods and 31 macro-and micro-nutrients based on the SQFFQ against those according to 28 day WDRs among 79 Japanese female dietitians. Results: Mean daily intakes of selected foods and nutrients determined by the SQFFQ were generally equivalent to those measured by 28 day WDRs. Pearson's de-attenuated correlation coefficients (CCs) with log-transformation and energy-adjustment between intakes of selected foods and nutrients quantified by the SQFFQ and 28 day WDRs (minimum -median -maximum) ranged from 0.17 (beverages) -0.52 to 0.74 (rice), and Spearman's rank CCs with energy-adjustment ranged from 0.28 (confectionery) -0.42 to 0.68 (rice). Respective Pearson's CCs for intakes of nutrients were 0.28 (PUFAs) -0.51 to 0.73 (magnesium), and Spearman's rank CCs ranged from 0.23 (n-3 PUFAs) -0.45 to 0.71 (magnesium). Favorably higher agreement for intakes of foods=nutrients was achieved along with lower disagreement. Conclusions: Satisfactorily higher relative validity was attained in Japanese female dietitians with the SQFFQ. This calibrated questionnaire seems therefore appropriate for administration to Japanese dietitians to clarify associations between diet and health=disease. Sponsorship: A grant-in-aid from the Ministry of Education, Science, Sports and Culture (06454242). Descriptors: Japanese female dietitians; relative validity=calibration; semi-quantitative food frequency questionnaire; weighed diet records
Introduction
In developed countries including Japan, the leading causes of death are chronic diseases such as cancer, cerebrovascular disease and heart disease. They are related to our daily lifestyle including food intake, alcohol drinking, smoking, physical exercise, and stress. Among these, food intake in particular appears to play a major role in the pathogenesis (WCRF=AICR, 1997); therefore, research on associations between diet and health=disease is of high priority.
Observations, however, remain controversial because information on dietary consumption is not necessarily valid or reproducible due to several factors, which include validation in questionnaires, procedures to obtain dietary information and subjects studied. Above all, development of food frequency questionnaires=semi-quantitative food frequency questionnaires (abbreviated SQFFQs hereafter) deserves special attention, and relative validity and reproducibility should always be evaluated prior to administration to study population (Margetts & Nelson, 1990; Willett, 1998) .
We have evolved a data-based SQFFQ to secure longterm dietary intake (Tokudome et al, 1998) and here conducted a validation=calibration of consumption of nutrients as well as foods based on the SQFFQ vs those according to four-season consecutive 7 day weighed diet records (abbreviated WDRs hereafter) as the gold standard (reference without correlated errors=conceptually different method) in sampled target Japanese dietitians, to whom the SQFFQ will be distributed to investigate clues for preventing disease, promoting health and prolonging life.
Subjects and methods

Subjects
We recruited 106 (21 male and 85 female) middle-aged Japanese dietitians from the members of the Aichi Prefectural Dietetic Association living in Aichi Prefecture, Central Japan, for survey of the SQFFQ and four-season consecutive 7 day WDRs. Eighty female dietitians completed the SQFFQ and 28 day WDRs; however, one subject was excluded because her response on energy in the SQFFQ lay beyond 5 standard deviations from the mean. Because the number of male dietitians was rather small, they were excluded from the study. Accordingly, the results are shown for 79 female dietitians as mean age AE standard deviation (minimum -maximum) of [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] . The values for height, weight and body mass index were 156.0 cm AE 5.1 (146.1 -172.1), 52.2 kg AE 5.5 (37.5 -66.4) and 21.5 AE 2.2 (15.9 -28.2), respectively.
SQFFQ and four-season 7 day WDRs
We earlier developed an evidence-based SQFFQ according to cumulative contribution and multiple regression analysis as described elsewhere (Tokudome et al, 1998) . The questionnaire inquired about habitual dietary intake during the previous month for 102 foods=recipes, portion size and food frequency in eight categories. Information on alcohol consumption was procured from a lifestyle questionnaire distributed together with the SQFFQ.
In autumn 1996, we first mail-administered the SQFFQ to 106 middle-aged Japanese dietitians and self-administered consecutive 7 day WDRs approximately a week later to avoid education=learning effects. We asked them to hand in the 7 day WDRs at the end of the survey and sampled overnight-fast venous blood. Because the subjects were professional dietitians, the WDRs were satisfactorily filled out; however, research nutritionists reviewed their accuracy as well as completeness. Additional consecutive 7 day WDRs were carried out at about 3 month intervals in winter, spring and summer 1997 (Figure 1 ).
Foods and nutrients selected
We chose 15 foods=food groups, which include rice, bread, noodles and potatoes, confectionery, oil, soybean and soybean products, fish and other seafoods, meat, eggs, dairy products, green-yellow vegetables, other vegetables, seaweed, fruit, beverages and alcohol. We selected 31 macroand micro-nutrients, which include energy, protein, fat, carbohydrate, total dietary fiber (TDF; including soluble DF and insoluble DF), minerals (including potassium, calcium, magnesium, phosphorous, iron, zinc and copper) and vitamins (including carotenes and vitamins A, C, D and E).
Fat was divided into saturated fatty acids (SFAs), monounsaturated fatty acids (MUFAs; including oleic acid), poly-unsaturated fatty acids (PUFAs), n-6 PUFAs, n-3 PUFAs and cholesterol. n-6 PUFAs were separated into linoleic acid (18:2n-6) and arachidonic acid (20:4n-6), and n-3 PUFAs into a-linolenic acid (18:3n-3), eicosapentaenoic acid (EPA, 20:5n-3) and docosahexaenoic acid (DHA, . Japan, 1983 Japan, , 1994 . The Japanese food composition tables are, as is known, incomplete for selected nutrients. Estimation was mainly made according to analogies from same=similar foods and to assessment based on model recipes for relevant foods as reported (Imaeda et al, 2000) . For fat and fatty acids, for example, the original coverage of 85% was improved to approximately 95%.
With the SQFFQ, considering food frequency in eight categories (never or seldom, 1 -3 times=month, 1 -2 times= week, 3 -4 times=week, 5 -6 times=week, once=day, twice=day, and more than twice=day), we similarly estimated average daily intake of selected foods and nutrients by multiplying the food intake (in grams) or serving size according to the values in the literature and WDRs and the nutrient content per gram of food as listed in the respective composition tables or per gram of model recipe.
Validation=calibration
First, we calibrated mean daily intakes of 15 foods and beverages, and 31 macro-and micro-nutrients according to the SQFFQ against those based on the 1 y 28 day WDRs. Average (AE s.d.) was based on the mean of individual's 28 day WDRs. The differences of means were examined by t-test.
Second, we calculated Pearson's crude correlation coefficients (CCs), log-transformed CCs, energy-adjusted CCs with log-transformation (Beaton et al, 1993; Liu et al, 1978; Margetts & Nelson, 1990; Willett, 1998) , and deattenuated CCs with log-transformation and energyadjustment, and Spearman's rank CCs between intakes of selected foods=nutrients based on 28 day WDRs and the SQFFQ. Statistical significance of CCs was verified along with 95% confidence intervals.
Third, after categorizing daily intakes of foods=nutrients measured by 28 day WDRs and the SQFFQ into three, we computed percentages of exact agreement and complete disagreement, and kappa and weighted kappa statistics (Cohen, 1968; Fleiss, 1973) .
Results
Intake of foods
Mean daily intakes of foods assessed according to the SQFFQ were generally similar to those based on 28 day WDRs but the values for average consumption of confectionery, oil and eggs were smaller than with the four-season approach. The opposite was, however, the case for mean intakes of dairy products, green -yellow vegetables, seaweed and fruit (Table 1) .
Pearson's de-attenuated CCs with log-transformation and energy-adjustment between intakes of foods (minimum -median -maximum) assessed by 28 day WDRs and the SQFFQ ranged from 0.17 (beverages) -0.52 -0.74 (rice) ( Table 2) , and Spearman's rank CCs with energy-adjustment were 0.28 (confectionery) -0.42 -0.68 (rice). *P < 0.05; **P < 0.01.
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Percentages of exact agreement with energy adjustment ranged from 35% (seaweed) -50% -61% (rice) ( Table 3) . However, percentages of complete disagreement were 1% (rice and soy and soybean products) -12% -16% (confectionery). Kappa statistics ranged from 0.03 (seaweed) -0.25 -0.41 (rice and soybean and soybean products). Kappa statistics ranged from 0.03 (seaweed) 70.25 -0.41 (rice and soybean products). Weighted kappa statistics ranged from 0.19 (confectionery) -0.35 -0.68 (rice).
Intake of nutrients
In general, average intakes of nutrients according to the SQFFQ were similar to those based on 28 day WDRs.
Mean intakes of vegetable fat and carbohydrate were smaller, whereas fish fat, protein energy percentage, EPA, DHA, vitamin A, vitamin C, vitamin D and calcium were larger (Table 4) .
Pearson's de-attenuated CCs with log-transformation and energy-adjustment between intakes of nutrients quantified by 28 day WDRs and the SQFFQ ranged from 0.28 (PUFAs) -0.52 -0.73 (magnesium) ( Table 5) , and Spearman's rank CCs with energy-adjustment were 0.22 (n-3 PUFAs) -0.45 -0.71 (magnesium).
Percentages of exact agreement with energy adjustment ranged from 37% (arachidonic acid) -49% -62% (calcium) ( Table 6 ). Percentages of complete disagreement were 3% (magnesium) -11% -16% (n-3 PUFAs). Kappa statistics 
Discussion
Many FFQs=SQFFQs have so far been calibrated with multiple diet records, 24 h recalls and biochemical analyses (Margetts & Nelson 1991; Willett, 1998) . We here referred studies in which questionnaires were developed to assess intake of foods and nutrients simultaneously, administered to adult populations, either public or professionals, free from apparent disease=infirmity and delivered prior to multiple diet records or 24 h recalls to avoid education=learning effects because we actually administer FFQs=SQFFQs in such a sequence to the subjects in large-scale prospective studies. With respect to consumption of nutrients as well as foods, the values for Pearson's CCs and Spearman's CCs in the present study were generally similar or higher than those reported around the world (Bohlscheid-Thomas et al, 1997a,b; EPIC Group of Spain, 1997a,b; Ocke et al, 1997a,b; Pietinen et al, 1988; Pisani et al, 1997; van Liere et al, 1997) and were lower than those earlier investigated (Bonifacj et al, 1997; Goldbohm et al, 1994) . Although sources of variation were presumably minimized by the fact that the participants were Median 2% *P < 0.05; **P < 0.01.
Relative validity of an SQFFQ vs 28 day WDRs S Tokudome et al professional dietitians, it is well known that there is a wide diversity of Japanese foods. Thus, Japanese FFQs=SQFFQs for foods and nutrients Katagiri et al, 1998; Sasaki et al, 1998; Takatsuka et al, 1996) seem to perform as a whole rather less well than those in other regions of the world, cited above. In addition, the somewhat lower figures for validity than those expected for certain foods=nutrients which might partly have been because our SQFFQ was admittedly based on a rather small number of 351 individuals surveyed in autumn. We admit that there is a discrepancy in the survey periods between the SQFFQ during a previous month and four-season consecutive 7 day WDRs. We believe, however, that people's memory=cognition is not necessarily trustworthy; therefore, 1 month or 3 months may be maximum length for good recall in responding to the SQFFQ.
We actually observed daily, weekly, seasonal and personal (between-and within-) variations in the 28 day WDRs (data not shown); however, day-to-day withinindividual variations, which were larger than betweenindividual fluctuations for most foods and nutrients, could not be completely adjusted for, even though de-attenuated CCs with log-transformation and energy adjustment were We are particularly interested in fat-related cancers and chronic diseases, since morbidity of and mortality from such causes are increasing in Japan. We therefore had set detailed=duplicated items pertaining to fat and oil consumption, including brand names of vegetable oil and eat at homenutrients as compared to earlier studies. We are now performing validation=calibration of the SQFFQ against biochemical markers of plasma fatty acid concentration and composition. Some fat-related items were combined=de-deleted in the final questionnaire actually administered to dietitians in Japan.
As a whole, the absolute values ascertained by the SQFFQ and 28 day WDRs demonstrated small differences. Pearson's CCs for intakes of certain foods=nutrients were similar to Spearman's rank CCs; however, the latter were generally higher. In addition, according to tertile classification, figures for agreement and disagreement, and kappa statistics along with weighted kappa statistics were essentially favorable. In other words, our SQFFQ appeared satisfactorily competent not only to ensure appropriate ranking=classification of individuals according to consumption of foods=nutrients but also to yield reasonable relative risk=odds ratios and dose-response relationships for epidemiological studies on diet and health=disease (Margetts & Nelson, 1990; Rothmann & Greenland, 1998; Willett, 1998) . The values for relative validity of our SQFFQ vs 28 day WDRs were, as mentioned, satisfactory due in part to the fact that the study subjects were Japanese dietitians. In contrast, 'desirable' responses to the SQFFQ by Japanese dietitians might have occurred because they are naturally health conscious and have knowledge=cognition about healthful foods and nutrients. It may be a criticism that their choice as subjects means that the results cannot be generalized. We respond that internal validity (relative validity and reproducibility) is a priori indispensable (Rothmann & Greenland, 1998 ) and external validity is not attained unless the method is internally valid. Bearing these strengths and weaknesses in mind, we proposed a Japanese Dietitians' Epidemiologic (JADE) Study and delivered the SQFFQ and lifestyle questionnaire to dietitians to evaluate the associations between diet and health=disease. This is, to our knowledge, a new approach.
